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-FOiMWORD A
Thi reortwas pre~ared by the A± Fqxc Flight- yamios Laborator -(AFFDL Dbec

oreof Laboratoris irocytm Cm Ad Wight"Pattersni reBaeObc
the -work was' WUittd ixpder Pxo'jeot.Xo. -6146; "A tmodsjbr &i T4e~a otrl~ rs

N.64611, "iBiochtemical Tecbniques of arnodF1aoDr. John P. Alln(F,)

Thisz rort su#*~arles-the'nvesdgatlons-Azuiresultstf work Performeli ln-ta atmosphere .

rtegeneration, and eontroltaborAtories of-AFFDL fr6mJanuary i96&toO.:ctober 1966.,empa
siig tdisonon ndode absorption ~nd-desor -tionby a tris uffer-sqlutlopn conaiin

the- enzyme, cArbonic anhydrs. h manis criptwasreleased by the author in Deeier.6
for ppblicuatina a technical report. -

Allof the ~tems comparedi4lisxreport were commercial items tluat were not dev9Iq~dqbr
manufactUred to, meet ( Opierament spegifications, to, withstand the- tests to-whichthey 'Were
suibje~cteid, or' to opprate as apidduring this study. Aii faliure to-meekt the objeotives of
this study is no reflectlon- 3n: any of the comhmercial items discusse4 herein or or. any mann-
facturer.

Thisttechnical rport has-been reviewied and ,is-approved.

_10
Chief, Environmental Control Branch-
Vehicle Equliment, Division
Air Force Fl~lht Dynamics Laboratory
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ABSTRAC

One conept -d cahicln Aldecotad prs
contro l reogixi an efficient gas absorber wblch-Is-ef~chlve i mbsga tea A. tris
(tb(rotheyl)O-diimebhneI _s-lti-On otlgteenyo a ne
(CA) . was studied as -to car d edasorpide~~ton Thd daebo dieOntent
andthe aInpHcbanes wek6, ohlto ed-during thie recye cllng~of:a gai nabtUre dlrought#I-
Obsbrber solution., Desorptlon- was acomplished, by nlwgen aerat n. The-application-of
DC-,pbtenht~als tthq absorber-soluttolb daeanacdeleration of carbon dioxide4 'es 'don.
Vacuum degorptionL of carboin dioxide without nitrogen bubbling was not effENaiQ. Nlsrogen

aeration~~~~~~~ a- A-~ ws -more efetive :than At ioom tehrvpratureora13CTh ote
enzyme-tris solution varied Inversely with the caiton dioxide content. The #16-s olution
was, a more effective carbon dioxide abforber t=hQAO1 N NaOH when, the enzyme w"s prese-nt.
A 'long timne stabiW~y of approximtely fivp weeh'.s for-a 70-m i alicpot~ of tris-at -0.1 Nwith

10 m of CA was Indicated by the-repeated, abscorption~and desorption runs, niade In-the ra-
generatlon Studies. The application 6f a.buffere enzym -oW&nt aro li4 ~nri-,-
lbuppo rted by a-rapld remodva rate from-aL rd~ylhgai strea aa±d a rneaoncp-

-bilty. This concpt' of carbon dlo'4 ecoitrol.-.eqaUles additional tesearch for the-eva~atoAi-
of technIquies1Qabcelerate the carbon dioxide.desdorij!lOutprocess..4

(This abstract is subject to $pecial expoT.t-conrl 'and each transmittal to.-foreign oen
ments okrioriga nationals inay bemawie only withiprio dprvif 'th8-Air ForcepFih
Dynamnics Laboratory, (:FPFE), Wright-Patterson Air Force;Bab(;-,Ohio- 45433.)-
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SECTION I

WRODXCTIGIN -

This ?ejport discuisses-±esearchi .on carbo.,dio~iide absorption -nd desc rption by atrio ~solu-
tioni containin -darbonic -anhydrase -_CA). "PrX-Viou stde n h i Fre1gtI)'D mics
iakoatory (References 1,s:41) andI- ,-I thso -~a 1Rfeen 1 3a-) tedtascne

of A-atalyzjed tris solution jor carbon dioxide-eontoL. Burk Reece)pojodth
uzed of he enzyme for carbA -dioxde cdntipl it 4ibmiine aophr Odntkoi. iyteims bat
presented -little supporting data. The e~gernnentl voxk reprted lere ancdlted- a veriffcstion
of thecbon dode-bsopion nd desoiptionby t tris. solution with (A.;4-a aia parfbon
of -this -s orp on process wath, that-of standxrd carbon Aibldde aobsorberE. TI*- regeneratloiof
the carbon -dioxide absrption ca~pct fte zm-ii sl tinws investigatbyse
-of -bitrozeni aeration unhdei -a-cbang of temperaturepressure. and pH1 Themethds us~dwere
arbitrarily standardized -so that day-to-diy- absorption-..nddesorption ctlrv-s -oiddi be -p6rn
piired. The ±esults are -pre'sented in the lform o ro-lxd boxtovre wi~
indicate signifigant, carban- dioxide 1cobeentration..changes aadp .phangecurvies. Tabulated4
data compares the -removal ±ates as percentages, aond the ca -,~yand effectivenPsis inrelation
to standard absorbers. Th~e information is. Idsoussed -with Te-m o4pyrg 'this eqnzy
ica4ypis of carbon dioxide h~ydrationto -he -atmtosphere control prgemi inizamdsvrn
'mental cont rol 8y's tem S.

'This _effo±t pxovides fur'ther informnation oi the stability capacity, -and T genrabity' ofa
enzymic carbon dioxidde absorber -as a liquid system,--wth-io -direct-cosideration-gi~eii for
-operation In a zero gravity s6nvjronment 1-t has-'been .suge sdithat liq~d gas aisor
would, find, 'application in Induced gravity environments in rotand&evices. fidwever, the
approach to further work with enzyznic absorbers -would be in theiite -of 1,utffered ,enzymhe
systems stabilied on inert substrates. These cou.ldbeifunctionaI i abiShlyihurhL'd I oamsppjeP
~such -as would be -present in an -atmosphere zcontrolllsyiatem af ter lhe-.Airblas been cooled toits.
-dew point for humidity control. The thigh hbumidity contenit favors .heiiydrtion ioncept or
carbon- dioxide control. The General American Transportation -Corpioration (GTcooept
us-ing the ccGat'o-Sorb-" material is referenced hdre in:a GatASAsponsored effr for &-carbon
dioxide absorber (Reference 6), I

The theoretical basis for this work was-the catalysis-of the reaction-Df carbon dioxide with
water such that at p{-'s less than. 8, Reaction I occurred:

CO2 1121 ~ ~2OO3 (Reaction -1)

At PHI s greater than 10, Reaction 2 occurred:

CO2 + OH 11C0 3  (Reaction 2)

Between pH 8' and 10, both reactions occur-red and the overall reaction was a normallyxrapld
reversible inorjganic hydration reaction, Reaction 3&

C0o 120120 -HC10 3  (Rteaction 23)

AEnzyme activity in the. pH xange of -8 to 10 waq high and evidence iudicated-that the-enzyme
catalyzed both reactions (Reference 71).

Teasrption of carbon dioxide from air-Intriv solution involved-(1) teslto fcro
dioxide In the solution, (2) hydration of the carbon dioxide in the -formation ;of cabonic acidY"A
or the reaction of, carbon dioxide with hydroxyl Ions In the formation of a-bicarbonate Ion,

1V
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(3) the disciation._of thecarbonic acid-to ~y nndAabn.e4f5 i.()te.erli
of the 'bicarbnai ios ith the is in, thefonnation of a '~t ' a Iiabnt.~h ufrn
'aciZ of tris iehaved the hlijd~rogpnio s formedin the, diss ciatpof.iti croi ,od~n

thu mintind tc.hasc PB~z !aoprng-both the-enzymlc-atvt adtecro i~e~e
Action: vith bydroxyl ions. The beguence of .reacbiL; xeButlted in .# state,,ofe eIIUPPde-
termiaed by, the erlban dio.xide cohw--eitratiun, Uee-m re ad i~o1,~nontn8 A
cat _aie thea ttanment of Itbis eqaTfhno. The-Arp.tnL,,iasocation-cntant of..carboz~c
a4cid inct~ased diecty-, ~mpqrastun. .as did the -enzyme aotwit ,. T*-B olubiliq',of carbon
dibxide iii wate decreed wihheneirwe-. Since- th ..overa4Lrea:cj-iorn va -reversible
bydraioxx witi at. increase in teznper'Atw~e @pAn CAprese coddedsrjt-Lnih
be -e~qcted to-acceleiate tpzvde the -carbon-dioidde -wW~ldbe-.ventd-fom thesolutioh. TIsA

d~sojflinproess -wasevalgoted.

0--I
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RACKGROUND INFORMATION

The, con~trol of oarbondloxide inairbyuse of at gas, absorption tower using a iud soxte
is aprovenandusable method. Th ~emnarsekh r~ oncerning this-imethNd stresg
the use c:new absorbersi new packing materials, g&4,lqqw dynaihics, sutface~properfies,

cheiiedreatios i th soption process, etc. 'rhe maechanics of the gas bs rtlon~n th6
liquid absorber have been extensivelyr iavesstigated (Reference -8). Carbon dioxddebasi been
absorbed by alkaline solutioa& of .sodiumi carbonate- (Ref~rencps-.W nd, 10). potassium caxbo- P
nate (Reference 11). and: basic-solutions- of amines suich as monoeth aamine- Refepaic A2, I
e thyl mopol (Rieference 13), -ancidiethnnolain~e (Reference 13) These amine ibsobr At
were regenerble in that the absorbed gas -Was released upon~ #~eating tM, absorber solution -

to boiling, thus requiring considerable power. Another technique was to-Tegenerate.wt
am~bient -air that had les carbon-dioxide than, the air bein-controlled, as-withthb carbeonate-
;absorbers. --

The chemical absorbers essentially-are reactants with carbon dioxide formn'ng-bicarbonates
and carbonates in s~olution. The process of absokptlmn was conticlled'-by various gas -flow
factors, various absorption liquid characteristics, the6 gas-lIqId inteilacq properties, the
chemical reactions occur;ring, and the physical parameters for the abiorp tion tower. These
ate Uually discussed in studies Of gas absorption. Gra.F(Aieferere4 lcus4ti a
absorption process as- it applies to a tris- solution absorber for-carbo~n dioxide- wlth CA. iEI

0 used,,both a bubbling tower and ai standarddisc tower, and discussed absorption temperatures,
wetting rates, gas flow rates, gas-liquid ratios, rates of absorption, overall coefficient-on
the' gas phase basis, the logmeans drivingforce, the kas-phase-,effIctqncy, ,nd thke flow pattern
of the absorber. His conclusions were rather uniue In that he recommended the use of tris.
for carbon dioxide removal, a compound that was recommended for use as abasie stAndard
because it did not absorb carbon dioxide from the air when-in crystalline form or as it solu-
tion (Reference 14).I

A recycling air loop apparatus used inprior work (Reference,2) simulated a closed ecologi-
cal system in that a total volume -of gases was' monitored during the carbon dioxide control,
process. The tris buffer demonstrated a carbon removal capability whlih was enhanced by
the addition of CA. The absorber with the enzyme was effective in acceleratn the carbon4 dioxide removal from the recycled air stream. However, the reverse Pr'ocess of desorption

* of carbon dioxide from the tris solutions was not adequately evaluated. The reaction was
limited in part by the thermal inactivation of the enzyme and the effe.'t of iemperature on
the dissociation constants in the overall hydration reqztion of carbon dioxide.

The- experimental work under this effort attempted to quantify the carbon dioxide desorption
reaction factors such as temperature changes and nitrogen aeration in their effect on the
regenerability of the enzyme-tris absorber in short time Intervals of 30 to 60 inutes.

"Pik
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O'CTION Dit

EXPE1MENTA, APPROACH '

In, Ui1b effoZ-1. the rnphasis was placed on eiabatoA of- PossalI teqbxdqwas-vbich would

absopt1n rn ~anailiO pappa;'Ato s~g carbowdiozide, at various, concentrations. These

cOncentrations- werc- 2?70 ppm. cabon dliidei Innirogen, 0.4% in air,~ 4.92l% In sitardi
'~~uen T?-4atty -farboa diowdde in #g., air loqp Ws-bed on ajdoitum!d 880O

cc sota 5t .0% ter i*aS 43.296-cc of carboii dlcdxide Iii he air Il V2oad 4uf~
Uig., For the athiek concentrations o gS ue n i gnowuneam tto.cx~ ixd
Would. be icorrespondinJy- leiss. The cbArIo d1ibxd" WO nioAktozrd by.IR-caion-diiixide

-~~ alyzars, widle the g wer beinig recizcidate dwogh.h arl~pcp apparatus Flgurq 1);-
ihe carbon lUoxd cOntntratlon was recorded dontlwwul uig the abwon tlprocess -
anid during Ie" lig Th-absorber5olu~ion was freed of di i~ed, cakbon ,dioxid_ -by A1irg~

the -absbrptign-process.

_340
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-~~ sampligcell-iwas calculated. from, cazbon dioxf-d diyton.cu.rves at 25 and-740 mmHg is
sure. Valving a~owed the use of four-Midvalie bulbs In a traptrapsampe -tra - series so .-

that -the Absorplinn solution at25,nl aliquots could b8 Lun; In.the &ir loop Ia~addit~o~in bbIer '-

tubewith ani±. .g'3r tubeforat rapwafs~ased in"#a test comparison .oiNaOH,Bpa(O)anitris

Used bItrap cairbon dioxide d sotbed fro thd spueou~rz y toe elcu
solutions~pprait-e wn 25%, 2nd or* 25Tlhiyt scro ioieasres h ube tbuber asbls

lation, and aeration- at the three, temraue eluated. -5b 25, n130Eh ublrtb
Was also used When a DCpotetialwas applied -to -the-electrodes on the ""cell, withthe. flow.-

threugh waton5 tecique Th'lbubbler 44ube was _con~nected, to the 4:ix looprpiin
the mldvale bulbs.

thp "All-cellv~as -a gasabsrption Ube-withptOvislon for tempertr esnhalgo
cooing, for p~ ensi and measurement, fbi mecdum -recirculation adoaplying a -DC

potential acros' the mFAdim. Flguire 2 ,is a-scbeiiiatic o-f the 'all denl. :1-

The- volume -of tha II"I cell assexnbled and with- thbohnetlngtubln-Was- 190'.cc as

measured- with water -at -80. The, "Hl' shape internal volumpinade iuse~of-the biibblnggasea0 to
fiitiate a,-circulatIon of the absorber solution with-tk6 gais b.bbles-Into the horizo talportion
in which the -teipeiatxkre--was. sensed. Further circulatnof Ihea si;6utibnI~t6 the, other scin
'of the, cell allowed for .pH -tensing or for t~e: heatig-and cooling-by a old~fingr condqnpkr.

The~~~~~~~~ abobrslto a sd1 0nlaiu n eeldstisfactory c.irculatiun, in. rxe

thre eltsre CPu eaet ed heMmial. SoUin wh~ere de inistleae.Tegse

Significant in-this ivestig'ation were heiatelialsthatpovide4 compatlson~s -of -the carbon-
dioxde bsoption by iris solutions -of the. enzyme- witho ota standari Th4omon 6 sd,

Lseweire 270 ppi-Ac d ox~idelnnitrogez 0.4% carbin-dIoxid'e utaih, 4.92% carbondioxide 4
in air, and 5.0% carbon dioxide in nitrogen The analyses Were peroe by Air 1i'out
and Chemicals, Inc.,.orbyI&Matheson Co.,. he suppliersof the ga mxtue The i4~togengas

-, ws 9.5%watr-pmpedandwaspased hrogh a. soda-lime4 canister before-use-in- aeration
or as. the zero gas- in 9tnad~n "the analyzers.

The compounds used were-as folloWs:,

1. TrIe (t f-hiYdrdxymiethy)aminornethane, 99,94% 0.2 and 0.1 M Solutiona

2. Carbornic Anhyd~ase, iOO -mg/1O ml oi 0.05 M Trs;,Sojutlon'

Blonutritlonal

3. Sodium Cwrbnate, Reagent, 0.2 N Solution

4. Sodium -Hydroxide, Standar Solution, 2.000IN Solution-
Analytical Chemists of Cincinnati

.5. Hydrochloric Acid, Standard Solution, 2.000 N Solution
Anaytical Chemists of Cinc~unati

6. Barium Hydroxide, Reagent, 0.2 -N Solution
Matheson

4 7. Monoethaolamine (MEA) Tech,- 0;1 M solution
Matheson -- -

X- - - -- - - - - - - - - - - - - - .
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The air looVpjparatus shovmniftF! ure 1 anid the "1H" cell- in Figure we used to eaut
-the carbon dioxidd bsorption by the, vakous solutions in 70I ~~ut.Inti ehd h
aIr loop was, first flled~with the -carbon dioxide-containin ga4itr bcwsete 7
-ppm carbon, dioxd6 in nitrogen, 0;4% carbont dioide In air, 4.92% carbon dioxidedwair'~

5~0 cabondioide1~initogn, by Rlushing with this gas mixture Thd gasaaalyt er was,
standatdized to read on the recorder 185 mm for the 270 ppm'carbon dioxide in nitrogen, 80
mm for thb, 0.4% carbon dioxide in air, or 150 -mm' for the" 5.0% carbon dioxide--in nitrogen.,
The 402% darbdh- dio6>de-in airw was idicated~at 147.6 mm on the-i'ecotderm After calibration.m
and standardl.-aiion of the carbon dioxide analyier and the-recorder. the -flushing.g gas was
valved- off' and the air recirculating pupturned on. The gasesi theafrloop du Ringthe
mixing were monitored: as to carLan dioxide content. he flusbing ad recirculating of the t
gases in the air' loop were repeated until therec rclating gases in4dicatedasteady-value ofl
carbon dioxide on the recorder'to corieepond to th&mrlflimeter range noted above.

The "H" cell was connected in a sample bop bu-a eprtdfrom -the sam ple loop-byI

means- of 4-way valves. In a carbon' dioxide absorption-run the- sample4 cell was -flutshed with
nitogen which had passed throqgh. a, canister -of soda lime, to- as-s-ure c-ar'bon dioxide f-r-ie 1
nitrogen. N-roe flushing wats timed for-30 ldites for runs as a standardizedndition,
for the air loop, the empty "'E"1 cell,, distlled-water blanks,. and- a run using NaOH.. However,
when tris solution with or without the -enz-yme wad being evaluated, the-nitrbgen ,period~was,
at leas t one- hour; thf' +2me of aeration depended upon the typeq of s olutlion beig -evaluad aed
the prior. testing of the absorber solution since on6 -soktion may have been- used in a series, of~
runs lasting several days. L

Upon completion of the nitrogen aeration period for the "H" c0ell' and Its contents,
the nitrogen stream was valved-off and the-r ecirculating-air lop stream with the-carbon
dioxide-containing gas. mixture was valved in. The-change La. carbon dioxide- coetration was

4continuously recorded, the temperature read, and the pH monItored and .recorded: during the
run until a steady carbon dioxi1de concentration was indicated on the recorder. I

After a r±un wita an absorbing solution in the "IH" call, the samnple IQop was valved off and
the air pump turned off. The air loop was, then flushed with the carbon dioxide-coataininggag

-~~~ mixture and thus refilled with gases to attain a constant carbon dioxide content in the~re-1-
circulatIng-gas streatm for another run.

2. SAMPLE LOOP PROCEDURE

In the saraple loop, the procedure following the absorption run varied. By continued nitrogen
aeration, the desorption of the absorbed carbon dioxde occurred with time and was evaluated(4 by monitoring and recording the-pf change. The -temperatureof the sample absorber solution
was changed by recirculating water through'the cold fingei condenser which replaced, the ph
electrode in the "H"I cell during either the heating or cooling mude of operation. For cooling
the-absorption solution, water at 20 was recirculated through he cold linger usiig a varistalticf
pump; the temperature of the absorber solution was cooled to a 120 to 15' age he 5

water was recirculated by the water bath recirculator thio~gh the cold finger-condenser, the
solution temperature chaniged to 330; with 550 water, the solution temperiiture, attained wasI
400. These changes In solution temperature were slow and occurred. gradually -over a, 30- t"..
60-minute interval. The pH of the absorber solution was not monitored during the heating or

10
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cooling codesriods r'move was btwanmeasured,~ afterA elcrd btable teneagrewsesrdwtettrIe1ti

Ij tLure-comapensation to obtain ~an pproxim~ate,pH value.

With the vacuum desorption miethod, a vAcuum- of 28 lilhes'.of merc-ury was-applieoto the
open end of the .flbwmeter in the sample 1ooP. The nitrogen -g~is]Iabeen valvedoff but was4
opened slgly toprovide a-bubbling gas, for agitatingtesbto.Tep want monitored

dioxdedsorto gth n0itron T .tlm~,perioda
When vacuuma was aPPHlte ;.s the "IH" cell. Effects. of te~mperatires,at 150, imd2G Wit00 h
vacuum were evaluatedfor carbon diubb' 4 'de for g
JCf6-and,6Ominut.s.,

Quantitative data.,on the carbon dioxide deserbedwas obtained in. the> folwn a r. At~
an absorption, run- Wit an absorber -s olution, the sample.1oop was, valved, off and kei$ losed,
an4d the gas bubbler tube with, the impluger f lask- was valvedILwt 10 -ml of 0.2 2 j4-Nadi --nd
used as a trap.; The residual- carbon -ioxide 4n- the air-1loop was removed yt crulatdai
of thle air lpop gas stream through -the NaOH In the. bubbler tube. After a steady lwvie
orzero carbon dioxide -concentration was indicated on the recorder, the bubbler tube wats,

Vavdout of the -air loop, the air pump iwshut of-anihe loo flsedwth nitrogen ga
to hek he er sttng 4n4 topz'ovlde, a zero gas in -a desorptlonprcea.-T-ho-NaOH ini-the

bubbler Wube Was titrated with 0.1X NHCl to p4 7usngneutrAl red anda plimeterto eck
th6 end point. The bubbler tube was refilled With 10-ml of 0.24 NaOH aid flushed With-nltrogen,
for 15 -to a{) biinutes. The air loop was: then v alved,-fronL-tha flushing gas, and the airp p
turnied oG. The carbondloxide concentration-ini thea.!r circulating gas_ stre~m -was at -zero-on
the lIR carbon.,dioxide analzr and the recorder., This, zero gas rstemwshnuedo
desorb the catbun .dioxido from-the sample-solutlon and to tap; desorbed carbona dioxide In- the
0.2, N kaOh i the bubbler tubei-this desdiption process with-the zero gas rpcirculating stream
was peiformed ith 'the cold finger-condenser in the "I"I cell which -maintained th3.olutoa,
temperature at-either 150 or 338*

Initi-alruns -ihthe bubbler tube, containing 4.92%aroqn, dioxide in the air loop gas stre6am
wr-u~doobtain cairbon dioxide concentratiion: curves for an empty tube, for one with-.25 mla

of 01 NNaOH, and one with 25 ml of- dilstilled ae~r. These~dcu.Tves, indicated -the, eX46tlve-?
ness ofthis itchnique for catbon dioxide trapping during the desorptlon process. Carbon
dioxide trapping during a flow through nitrogen aeration of the absorber soltiton-was tried
initially but.was found tp be-Inadequate to measure desorbed carbon dioxde.-

4.4 - -
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£JJhJe~ -~ -abd di-ieAsr~incre fb a~uss1~h ee-elfoihrot

curv se6b h-nlzr ntct t erbr~'a!etet-

wiha str tteiiilcro ixd otn ntearlo-n nnjghdwssjdJ

-Fgr lutae uhadmeewv.The carbon dioxide, absorpto cuve f hevriussluioswer&4eivdfomreatua

from these waves by connetig the-maxima-of the peaks as-indicated-in thefign1rO. Since a
constarkt-carbdn-diboatde content Was intitaliypresentawl~a cons~t;nt carbon dioide-coitentwas-

indicated after a 1.0-, to 15-minute period, thesedr-aft cakbon'dioxide absorption curves-were
an adequlate presentation of-the change of carbon dioxide content In ihe air loopwihtje.Ti
method was ,used for the carbon dioxide abs rp t ion curves -or 270 -ppm abon dioxide In
dioxide-In-air.

j Te treeabsrpton, cells, the 'IF" cefl,the midvall -bulbs -and thetbuibbler tabe (sketched iii
Figuire1) wer run~ emty, with distilledwater, andwith thle arous, Absorbers, prOvidingcoi
parative curves. Figure 4 shows- the "IH" cell cuves for -an empt 9ell, for -distille6d-ivater,.
and for 0.004 N:NaOH. These-are -typical curves idctn faf1y stable car~bon dioxide -values
after .12minutes. Arbitrarily, the -carbon--dioxide values at;20 lmintes wvere compared for
capacities and absorber effectiveness. The- time inteival to attain a stabe value no't changDng
more thani 2-7mm/ mm ieinterva1 was-, considered, thebasis~fo comparthe efiinies
as to carbon dioxide absorption. The curves for the evaluation-of the midvAlebuibs as~ar
absorption train idk Figure 5Were consistent with those obtained vA4h the "IH", ceflbut wererot.

A as effective, comparing specifically the NaOH at 0.1 N -curve 2 in the, midvale bulb with the

NaGH at 00004 N, in the "H~cellcurve 3-.(Flgu= 4.Oths basitemdaeblswr
replace~d with 'the bubbler tube (Figure 2 ) thadt had -an extra coirs glass plug gas,"doifub. L
Curve 4 In- Figure 5 shows continubus absorption of-the tiesidual-C0 2 ofurve 3 in another
-25 mi aliquot of NAOH.

The arbn doxie asortio cuvs-for the gas bubbler tube In Fgure 6 shdwth curves
for NaOH, Ba(OH)2 ,-and monoethanolamine (MEA). The Ba(OH), solution was ~iscontinued- as

a comparative absorber because the carbonate formed gradually plugged the ground glass
T gas diffuser and resulted in an increase in the pressure-drop across the absorption dell.

Glass beads in the bubbler tube did not effectively increase -the carbon dioxide absorption,
comparing curves 2 and 3 in Figure 6. The MEA absorption curve verified previous work on

_ the effectiveness of MEA for carbon dioxide absorption, but was not considered applicable
*for 002 trapping. 1.

A comparison of tris solution and sodium carbonate as to carbon dioxide absorption-from.
0.4% carbon dioxide in air in the "IH" cell is presented in Figure '7. Curve 1 for tris at &.02

C' M was similar to the curve obtained for sodium carbonate. The addition of the enzyme to iris
and to sodium carbonate revealed a catalysis of carbon dioxide absorption as shown by curves
3 of Figures 5and 7.

The effectiveness of tris for carbon dioxide absorption was further compared under the
various test conditions in Figure 8. Tris at 0.1 M with and without CA and at l4e and 250, and
at 0.05 M at 250 and 330 produced carbon dioxide absorption curves which showed that at the
lower temperature, tris plus CA had a greater capacity for carbon dioxidde. This was,-evident
when comparing curves 3, 4 and 5 in Figure 8. The effect of tris concentration on carbon
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diox:ide absorption may also-M be c paked in curves 4 ahdS. Tris at-0.1 MApu CA Was p.ede-
tive in-carboa dioxide removal up to97%n all.5-inumt6e roe-time This carbon dioxde .wi
releasaibe frm. -the, tis solution tb-m0ni~ey channg -the temperature of thie sotiuiion as-siown.
In F Igure 9. The0 tris Plus CAatiS wa sdz borptionrn n indicad 8%.carbo

dioxide% rcmrvan dixd rmvl tris at 14. yachnl ez-
p 6at , of the tis solution,'Its eap adilty was-iceaed odeead, the carb~ dioxide.

change IndicatedI in curvesi -an2 of Figure 9' beginnn ae ether 30!30 hstmeaue
Cycling, wits. effective ,abd - onsistent, as evideniced-by theidentlcal carbon ioie conitent at- 4
tained upon- the same temperatutres of the soluticn. Fkom curve 1.-a ochabge bf 19_ corresponded,
id a cqhange from 1. abo ixde to-0.93% cartbon dioxide Ii the--circul at- ar- or 0.73~
Yf. the carbon Aidlxde, rempvd. Thi saeamut hne, 0.73% 0arbon dioxide, .was5 also,
.btained from- curveO -2 whether on the heatingor ccolingportion of the indivi dua wves. Itws
significant herethat the samesoliutionwasusedfor ,both- curves, curve.2 being. obtaed after a.,
16 -hour restingpro-followed-by4 hours of uitrogen aeration -at- 3*the proll1ems -met beqre

coneredth batng ofteezm olution. Theater surfae tmperatuxe mustotecdee
the temiperatu-re of enzymelinactivation which w~as quite low. Inithis-work,the iteinperatUzme ot

the recirculatn-g-hot water was 450 fiorattainn34 anA25 eprtra nteezm is
solution. Recirculatiag water at50 was iieededto-attain a; 40' temperature -in tietisg -solution.
kowetrer, the carbon dioxide-absorption curves obtained for the tin plus enz solution
showed typically a tris absorption curve-after this -temperatute was attainedditeeAbe
tris, solution.

Tris-imaleate, (TM)- buffer was. evaluated ast & carxbon -dioxide ,absorber fr-om -the curves- in-
Figure 10 and-l1 with 0. 4% CO2 In air and . %CO I itogn

TM plus CA solution, however, foamed excessively so, that reduced-niitrogen aeraL~onr.atesof.
250cc/ainwere utsedfor rege6neration and 0. 6 61h, (285 cc/rain) in the air loop. h feto

ad apyplied-DC potniloth -"1H" c ell during an, aik loop runrevealed an. aceerating effect
with -I0, v- bC applied with a negative potential at the bubblr tube. In comparing curves 4 and 5,
with 3, in Figur-,10,adefinitechangemay beseenindicating that an a4pl dp6tentia-enhanced
carbon dioxide- absorption and desorption. At the Ih'-miute time interval Jn.-ig~e 10 where,

curv o TM-rosss cuve 3of T pls CA, the carbon dioxide in the air lo-omtdo
1.59% with 61% of the carbon- dioxide removed. -The TMplius'-CA with a 10 v-DC -potenltial nega-
tive at the bubbler tube indicated an increasle I carbon dioxide absoiptidn capacity. Curve- 5 of
Figure _J0 showed 63% of t& carbon- dIoxide-'In -the -air loop-rsemoved. Z

2. CARBON EAQXIDE DESORPTION STUDIES -

Regeneration-of carbon dioxide, absorption capacity of trig plus; CA was accomplished by long
periods of nitrogen aeration atroom ambient conditions. The curves in Figures. 12 and 13: show
the effectiveness of this method. The use of a vacuum of 28 in. of Hg for'5-minute periods did'
not Increase the-capacity but did indicate possibly an increased-rate 4s evidenced-by curve 3 in,
Figure 13. The pH of the-tis plus enzyme solution in Figure 14 indicates anintitial lag-in the,
recovery to Its original pH but then Indicates -a regenerated solution as to pH.

The effect of the application of an electrical potential to the tris -solution plus CA in- the"H

cell during nitrogen aeration revealeda enhanced'-pH regeneration-as in curve 2 I iue1
but the subsequ~ent carbon dioxide absorption -curves, 2 and 3 in Figure 12 did-not revea1-this,

_4 ~ positive effect as to 'capacity 'regeneration. The time of nitrogen aerain bet;veen carbon
dioxide absorption rtwns was significant. There was an apparent crossing over of the carbon,
diox ide absorption curves in -the -initial five minutes In Figure 12. This Was signfcant since

thi inicaed n acelratd rte for those curves in which an applied potential was sd h
time of nitrogcen aeration between curves 2 and- 3 was only 20 minutes coinppred with the 60

minues etwen urve 1 nd . Crve 4 -was obtained after -the regeneratio runs-ith -ap-
plied voltage periods and a -total nitrogen aeration time of five hours. The application of a- DC
potential had a positive effect on this regeneration processm
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The pH changes in t~e tris solutions dufring carbon dioxidde aeratlon-were not sg~fcn
When the carbon dioxide at 270 ppnX in nitrogen was used-as tha i'ecirculatizg gagjuint
air loop-.- A change of fromn 9.40 to 9.35 pH and 'from 9.45-to_ 9;40pH was,*easured in ruins
with -tris at 0.05 M and Iris, 0.05 Plus CA evea thcugtt the carbon. dide reAuction was,
signlflcaht In the -carbon -dioxide absorption curves, and 4i FI1. ThIs keduction j

* in carbon, dioxide content was at 20 iniiites based on the empbty cell curve down,1o 40 Ppm
frman Initial 26 ppm C6 otn he rspu A was- used, as Indicae ycre4

This was an 83% reduction- in the, carbon dioxide-content with. only a. Q5-qhange-m-the~p11.
However, when 5.0%-or'0.4% carbon-~dioxide-was~used in the flow-throou~v-method of -aeratoi

the p chages were greater as shown in Figure, 17. These pH chnges'i &ag~ 4from 0.9-o
1.4, unItz and depended- upon the Initial pH and the absorber coficentratiozi. -haepg changes-of
tris At 0.1 k during -air loop runs are indlcat dt Figure 18,9 curve, 1 for Un'e consecutive
air loop runs using 5.0% carbon dioxide in nitrogn> Inthe air loop,- These air loop,--uns,
shown in Figure 19, reve.d a saturation effec on-theg absorber and, conlcurrentlyj -a,-smaller
change of p1]? during the absorption process. Other curw-sshingp change, in tris withr
and without the enzymie are presented- in Figures 20, 21, -and; 22.

The pH changes in IMEA during carbon dioxidde aeration are indicaWed in-~ur 23 Tes
pH1 changes were all steep and were stabilized at-a low value -when CA was- present.

- -Regeneration of the carbon dioxide absorption ca~pacu~y of "thetis- absorber with -and with-
out the enzyme was accomplished with long nitrogen aeration as irndicate-in. curve L of
.Figure 14 and 20 in'which the, initial pH was attained in the solution.. The subsecqtientf carbon
dioxide absorption run In the air loop of tis bianother comparable series of. carbon dioxid
absorption runs with no nitrogen aeration between runs are, indicated -in- Figure 24, curves
2, 3, 4, and 5. -Curve 6 in Figure 24 provided a comparison as -to-thb- specifIc -effeqtszqf
enzyme catalysis of carbon dioxide- absorption -by tris after temperatur1* inactivaton of'theo
enzyme.

Regeneration of the pH by nitrogen aeration was not enhanced by-the addition- of selenite,
an ion reported as having an accelerating effect on hydration-of carbon dioxide activity.
Nitrogen aeration revealed, no significant increase in the pH change- over that- sing only
tris and the enzyme as in Figure 25. 'the tris plus enzymie solution showed a greater rate
of pHchange than was evident when only tris was aerated with nitrogen.

Regeneration of pH and the CO-. absorption capacity with the appicationof.-4 vacuum of

28 in. of Hg for the two 5-minute periods and using nitrogen as a-bubbllng gas idicated:
(Figure 14) a somewhat delayed effect for p11 change. This delay was for 30 minutes or so,
but- after the initial delay, the pH in the solution exposedto vacuum reco 'vered to a-value
above that initially used. This effect was not unexpected since the tris solution was one reused.
This effect was compared to that in Figure 22 indicating pH recovery with a used solution
in ct rye 1. Curve 2 showed pH changes for a freshly prepared solution which- was not, asI great as with nitrogen aeration. This effect on freshly preparepd solution was rationalized a's
a "needed seasoning" process also observed by Graf's work (Reference 3).

With MEA, pH recovery by nitrogen aeration (Figure 23) showed the catalytic effect for

not compatable, Both curves Initially had pH's of 11.25.
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SECTION I-F
DISCUS) OF IESULTS'

Thelis ,sou'-,siat 01 Wcaeal at~ e
by th _rshC.Tpp pag absorp' ,on qsing, 4.%i irws1~
1.4 pV units; -this change was les as di#the fii1iPH wsls ai.Wt 7

nitro-gen the pW change was small. the -tris plus§ enzyme abso ortoL runs§ viitxe comp-aalet
th66 of 0i1 N NaOH -Inabs 4tontmes less, than, 15 minutes, but not as, i3ec v a 4-02j

N NaQH. The j_- of-the A'soribex-soldution was -dtzectly relad to the carbon dioxideconep~itka-
ton, in- the- Air lop. However, the, earl. an dioxide was never co I ptlv absorbed&foIn te_4Zr
loop with tris plus the enz-yme but ;Ather leve~led, 6ff at -some vau 168s than /10of the
original concentfration- for 0 , M tr is. NaOH- at 0,1 N was -effective at, a sqiteWh44,ow~~
of -absorption,lbut at-an -acceleated' rate ,when-thdeazyme was present.-

Absorption by -tris plus the enzyme was iiniZicantgy- affected: by the teprau' c theJ
,solution. At 130, the findl concentrato of cairbon dioxide was lower and L-eld~d off in a.
shorter lime intervaL, as indicated in Table 1. The higher temperature ,resulied nalgr

leve o eidua1 carbon dioxide i h i op

Ateznlperatur~e change of from 130' to 32.50 rais;ed the ia card~boi dioide coacenitrato4 T
froa 0.69 "to 1'.67%. Then, upon co olingthe ,absorber sohition from 32.,m lo, hedcarbohl

di&d -conte-nt* in the, recirculating. ai.loop streaxh dropped to 0.83%. The q-arlbon-dioxide
capacityj, iofthe tis Vp~um enzyme -solution cecreased 0.84%-,asresutof -the, chaiige in-tezi-
Perature. The time intervals require to attain the stepy tmrture stat -In-the "H:P
cell wer-e- compa; --e -to the- 15- to 20-minute. absorption cyvsle as Indicated' in curve 1 of
Figure 9. The heat exchanige surface -properties of the oonde~.ser, however, were defiptl
not kptimum since the chan~e in-tei-aperatzre- from 150 to 32.50required 50iuinues (cirve2 2
of Figure 9) and- the'cbange from~ 32.50 to'15,0 r'equir'ed 7Oininutes. 7

Desorption of carbon dioxide with nitrogen aeration at 300 cc/mim at'25* Induced- a- Slowt-
pH caageupwads approachlng the initi1 pH. Ten to. 12 hours aeratlcn were -needed -to attain - 4

the initial pE value. A subsequent carbon dioxide absorption run .revealed absorption cm
par-able to-the original desorbed solutikrn. Cdarbon dioxide trp~ uigtenitrogen &eration
with 0.1 N NaOH and -subsequent nitration with 0.1 N HCl revealed little carbon dioxide evolu-
tion in a 30-minute interval- of i trogen aeration. TiAs '0.-minute Interval was taken as bing
equal to the -tris carbon dioxide absorption xun.f

The recycling of a nitogen stream in the air loop throug he ispu nyeslto and
then through the Nadi trapping- solutio n at 0.1 N or at 0. 2 N-revealed that desorption was
affected by the temperature of the absorption solution. Titration of the Na0il wiih 0.1 N ftC1
gave the values in Table HI showing that higher temperatures Induced the greater amount of
carbon dioxide desorption.

A desortlon procedure using a 320 tris plus enzyme sjolution with the atlditibn of a DC4
potetialto the H cell and with the trapping of the -released ca:"Kan64oxide in NaOH shoul

reveal significant amounts of carbon dioxide released.3

j Desorption p'7ocedure of tris plus CA with vacuum at 28 ..obes of mercury with nitrogen
bubbling and the deborption gsstream passing througb . aH1 lrvae tl e
lease of carbon dioxiciu at 25%. The titration of the NaOH with 0.1 N HCI revealed a differeaice

,J of 0.35 ml of HCI or equivalent to 0.80 cc of carbon dioxide at standard conditions, At 338

desorption. of carbon dioxide- with. vacuum and aitilogen bubbling revealed a somewhat. greater X
effect with '2.9 ml of 0.1 N H CI as-he difference in the NAMi titrcation or 6.64 ~O of C%2
at standard condition.
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A1?FDI~r.TR,-6174 ,

( CARBON DIOXIDE WEOVAL BY ABSORPTION A TRIS 1.11 "Wi-

0EORE READINGCS

iSolution .Temp, CO2  liitial tii -10 In, 20 ian Dlffei,- $apa$
(0 0) (too (minY 4m)' (m ence, ()~

I Empty H el25 5.0, 150 ~133 127 '126 - I _

25 0.4 80 68, 67 --

'Dist H 2 0 70 ml .25 '270 ppm~ 135 ppma 117 1. .1:

25 150,~ 125 124 '1124 ~

tris 0. 1 1 -2-5 5.0 , £50 85 '56 27 - 78 o 8.,Tris 0. 1M andCA 25 5.0 501 iI 919J3

Tris0. 1 4and CA 14 5.0 150 10 8 4 - 698F

Tris 0'.05 M 25. 270 ppma 135 77 44, 836

Tris 005OM and CA 25 '270 ppm 135 44, 26 20 -81tv

tTris 0.05 14 and CA 13 5.0 150 30, 2 21: 8. 1.

Tris 0.05 Mand CA 25 5.0 150 f 37 29 29. -17 15.3;

Tri's 0,05 M and CA 33 5.0 150 57~ 51 40 68

ITrisO0.02 M 25 0-.4 80 52 39 33 50

Ki TM 0.2 M 25 5.0 150 80 -57 46, 62

T14 0.02 M4 and CA 25 5.0 150 62 50 4-7 62

T14O. 02 Mand CA
10OvDC 25 5.0 150- 57 46 44 6 4

TM 0.02 Mand CA
.7 vDC j25 0.4 80 19 16 76

93
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DESRB~ ~RQNDIOXIDE TRAPPING IN M~ BpLR DRG I.4OG~ff

_ _ -CL VUG- --IS 711:RBNtMMDBw * Atc
Y (Re of 1'eip Bubler Tube, titration ECI Diffevence CO

___ - - I- , -- - -

(NaOi in Bubbler:'Jube 25 '25 -,a2. 1&0, 1140 -44 i54
SAs Absorber iSaple
Loop 1H"1 Cell out 25 25 01- 25-1L 12.15- 1,845

Aesidu4, CO~, 27 10, 0A.2 IO 8.5 1.45, 3.73 I

Desokbed C02-N2 Recycle ** 25 O,.2 405 1.65, 4,3569 8o.6

-Residual CO 103 10 0.2 M0f. 19.65 1.35 Q.8
2

Desorbed C02- 2 Recycle** 10. 0.-2 20.0, 15.00 5.00 -8i,16

Residual CO2  32 25 (0.1 25.0 -24.20 0.20 -'~9

Desorbed ,C02 -N2 Recycle**c 25 0.21 .25.0 16, 0 35.40 13;13

Residual CO2  132 20 0.2 40.06 39.7 0.2 M- 0.6

ReiulC 4 25 0.1 25.0: 24.10 0.90 28..37

2

DeobdC2-2 Recycle** 25 O.1- 25.0 17. 60 7.40 J 19.4,9- C

~4~*Enzyme-Tris Solution in "H" Cell With Nf -Recycle

Through Bubbler Tube -"H" 'Cell -Out.-

**Enzyme-Trig Solution in "H" Cell With N2 Recycle
Through Bubbler Tube -H Cl~~ all In.

40
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GqNIFEAKCE ANDE APPIrCAUONS--

In the various .proposed methods, for carbon dioxide control ign a closed environmena con-.
trolsysen' th-deisin t us a~genet~v aborbr o adorb wll e basled primarily-

iVon tha capacity off the sorber and its tegeinerabll~ty. The cheical- absorbers -such=-&. the,
alkaline metaIa isted-in Tabl1e1Uin; hvef ged bsorption, capaci1ty- and ,re effective.ior-a olile-

501- time use. They prqvid8. no reg erabilty, howeverj as lto-the a bsorp3tion -capacity o carbon
d ioxide recover without prohbitive power requirements 'for heatn temperatzires -to de-
compose the retiilt~h , carbonates., Tis nedeqsailly led to the considersatltn of the us1e-of the
metal oxides such as magnesium oxide and siver ox:ide Whicb1rece wtcabn dixde
to form' carbonates that decomposed at sordeiyhat Ioiert tm ratures thanftose ~or sodiu'm
and potassixim icarbonates. The mel1tinig point of the- magnesi1um, cAtbonatei however , Was 3500,
whereas its decompsition tmperature was in-the z~hg6.of 449*-to 549% For eilyez' carbonate
the'temperatures-weke 121' to,-149* for decompbosition, and 218' fur-melting, butthe theoretial -

capacity -was only 19% (0.19 ib/Ib) -of siler xide. nvwo this caaiy other chemical

absorbers appear- competitive. o-O

The physical adsorbers, m-olecular sieves, have capacities of about 6 pqqndsofC- per 10
r pound~s of sieve which Is about 1/4 to 1/3 the capacity of silver ox:Idd, butthe -sieVes--at&

atubject to inactivatiori by p referentaj, adsorption of water. The chetnloa1 absorbers such as
the -hydroxides and, oxides are- most -effeatite only v4ien water. is pre 9ent.Slnce~ wae-wil be,
a control, constituent of the reacirculat ng, aid-,conti'o gas-rra i Is ~ostr resnbe toue

a'carbon dioxide control- concept that is effective in-the water vapor concentrations epcted.
'in the controlled atmosphere. The chemical concept-thus- best fits -the need.,

Of the regenerable chemical carbon diox~de control- techniques listed in Table IV, -sodium.k
and potassium carbonates are effective but of rather limited application to-clos~deeologicaI.
systems. The amine- -solutions With- monoethanolaim1ne and d-lethanulamlne are-effective ,but,
'ire of large plant dimensions. The monoethanolamine was subject to Inactivation due -te 6xffda-
tion of the amnine. The loss of capacity Was due-to- stable carbonate formation of- other derived
compounds which required somewhat greater temperatutes f~or desorption of cdarbojn dilixide
than those for monoethanolamine. ---

The use of solid amines for carboai dioxide absorption. Is suppre byeprimental data..
Their use is limited, however.. by their relatively l1ow capacities. (see Table V). The -GAt-o-;
Sorb material- capacity Is about I. to 2%. The resins so tor evaluated are in the 1 to 2% -carbon

~ -~ dioxide capacity. These resins3 are activated when water Is present arid are desorbed of =abon
dioxide at relatively low temperatures, about 80%.

The present work withthe #,.yme, CA, mnan amine solution has shown-that tris has a proven
j capacity comparable to silver oxide. Graf's work (Reference 4) showed a capacity for 'trls in

his runs with CA of 16.6% at 200 with a carbon dioxide removal'of 82.5% In a 20-minute period.
In the present work, the capacity for iris alone was 8.0% with a 78.2% carbon dioxide rtmovai
after a 20-minute absorption period. During a, 10-mninute absorption period at 25%, with the -CA
present In the tris, the capacity was increased to 9.3%, and 91%_ f the carbon cilyxide was re-
moved. The halving of the time is most- significant. When a more diute tris solution was-used,
a greater capacity was found, up to 15,3% with only a 76%6 carbon dioxide removal capacity, In
a 10-minute time interval. When the absorption was run at 130 instead of at 250 as above,. an

V, O Increase In capacity-to 17.2% was- calculate(-, with 84%,carbon, dioxide removal ina 10-minute
.41 period.
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TABI&, III

SOLID CBfZON 'DIOXIDE9 ABSOOBERS,

Theoretical Carbbonate Carbonate
CO Capacity -Deoompositio 9n ~ ii

Z -Temeratuqrp Teprie
terial (1bibo(0) (06~

Lithium Oxide 1 1.47 . 68

Lithium Hydroxide 0.92

BSadiom Oxide- 0.71 699 -$5

Sodium gydoxfde 0.55 699- 451

Potassiuim Odide 0.47 727 891.

Potassium Hydroxide -0.39 7-27, 89]1-

M!AgnesitiziOxide 1.09 449-!549 350O,

MagnesAivm Hydroxide 0416- .49-4 350r

CacimOkide 09 61-838

Calcium Hgydroxide 0f.60'---

Silver Ox'de 0.19, 121-149, - 218

TABLE IV

LIQUID CARBON DIOXIDE ABSORBERS

CO2 Solubil1ity- 'W 116 Absortq -Capacty

2 N Na2 CO3  2.41 1.. 20

4-.5 N KC 3 5.45 252.6

4 N trlethanolamiine 2.28 0.18 2.10

5 NDiethanolamine 8.55 3. 00 55

9.5 N Monoethanoain 15. 12. 3.0

J142
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TABLE V7

Absolpti a - P reent
mterial Typp aait e~e~to

IR 4520M Roi 1 aas Weak Base Resin 5.4 ing CO2Jce -42

? einutit A Mediium Base 56~ C 2 c

Ilalcite BAR 'Stronge Base 26.9gCOAc ~ - 6,,

Epon 562 and Di-
eithylene trlifnne Excess; Am-ine 20.6 -Mg Clr 2 ce 1i004

'Resin Slurry
Polyethyleneimifte 20.6 m- 46-O-/g

Ttis Pljs CA 17.2% CO' T

Molecular Sie-ve 4A 6.7 gG0/A

13Y 5. 0mfg CO/g

ftThe.,enzyme catalyzed carbon dioxide adsorptignby amifiesha a possil eapplicatidone-o id
carbon dioxide absorbers which are chemffically-actie in-,the presenice-of water vapob' n-the-

poiled gas stream. A pignificant~red ution ivas lkidicated In-.te time: of absorptio4 for the
amities. The, absorber capAd~ity remained highand the ikdactic4, with, car'bofi dioxide indicated
a steep -absorption front. The regenerability of i -enzyme catalyzed, aini abaorber,, noW~ver,

Irequires additional study as to it6 1imitatidhim Theenzyme activity i iitedtoliempe;ratuxrei
bl elow 400 and thus heat regeneration ij not Indicated. The vacuu desprptiou waIaVre~
not too effective under the condit ons that existed-during this efforTh application -of- elec-

trical potentials to the sorbing med.-uimshould be in'vestigated further ,sinbe arpositilve.effect;
upon desorption was ivndicated.

43
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SECIO IX

UMMARY-

The it-house investigoiocps zoscr#)ed in, this reper" orlute thae f3tivenoss ofP In
cataly4zig a carbou- Jilcbde. absorptloi zxddsrto pcesi-~sk~n hC~

m --al cinrves -provlded 'the' data on, paidty and effectiveness-and- th~e bas~grfor ona'sn~j,
Wthstdard absobez's. -~g~.

Tris' enzyinic solutiqns effectively. -n i d 746to.1% tgbndixdeI
lb boit Urbe intervals, of 10,bminutes. Te ratr ooft, ambiexit eihacedt
capaicity and the -removal ioerfeiges. Tempeatur~ Z&bRl _ i bleit, iavoe . pt-1-

Further study in tequieon hpcfcefcso xgnadaieitre)osa hs
affect the- carboii-dloxide hydratloix catalze4 b y the-enzyme.0
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